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@ Apparatus and method for discriminating true 

@ Apparatus for discriminating true echoes 
from false echoes in an ultrasonic liquid gaug- 
ing system is disclosed. Electrical represen- 
tations of an echo sequence received after an 
ultrasonic transmission are produced by a 
transducer (T). Such echo sequence contains 
one or more returned echoes that may be a tnje 
or false echo. A microprocessor (20) determines 
the returned echo energy for the echoes in the 
echo sequence. The system uses echo energy 
as a factor to distinguish a true echo from a 
felse echo. 



and false ultrasonic echoes. 



I 



USIC- ULTRA SONIC SENSOR 
INTESRATEO CIRCUIT 
R.T.-ROOND TRIP TIME 
MJSCC'MICRO- SECONDS 
mSEC-MILU SECONDS . 



J , — TRANS- 
/ SIGNALS 




SET GAIN-DEFAULT 
SET BURST LENS- 
OEFAULT 



± 



\ CLEAR COUNTERS^^ '"' 



MATCH TO FI6. 3B 



Q. 
Ul 



Jouve. IS. ive SalntOenis. 7S001 PARIS 



EP 0 644 404 A1 




EP 0 644 404 A1 



2 



BACKGROUND OF THE INVENTION 

The Invention relates generally to liquid gauging 
systenns of the type that use ultrasonic echo ranging 
to determine liquid levels. More particularly, the in- 
vention relates to methods and apparatus for discrinv 
inating true and false echoes to improve accuracy of 
such systems. 

It is well known to use ultrasonic echo ranging to 
determine liquid levels. Common applications include 
fuel gauging systems In fuel tanks. Typically, one or 
more ultrasonic transducers are disposed near the 
bottom of a liquid tank or container. The transducers 
emit ultrasonic pulses on the order of 1 megahertz 
frequency towards the liquid surface. Each ultrasonic 
pulse is reflected at the fuel/air interface and returns 
in the form of an echo pulse. The echo pulses are then 
detected by the same transducer that transmitted the 
pulse or are detected by a different sensor. The de- 
tection sensor typically produces an electrical output 
signal that corresponds to receipt of the echo. Thus, 
the round trip time from pulse emission to echo de- 
tectton corresponds to the distance of the liquid sur- 
face from the sensors. Characterizatton data of the 
fuel tank can thus be used with the level detection 
data to determine liquid quantity in the tank. 

Ultrasonic liquid level detection in fuel tanks such 
as are used on aircraft is complicated by several fac- 
tors. First, water tends to accumulate in the bottom of 
the fuel tanks, particularly on aircraft that fly at higher 
altitudes overextended distances, such as, for exanrv- 
ple, transoceanic commercial flights. Water at the 
bottom of the tank can present a fuel/water Interface 
that reflects ultrasonic energy in the fonm of false 
echoes back to the transducers when such transduo- 
era are disposed at or near the tank bottom. Such 
false echoes can be mistaken for true fuel level 
echoes and thus give a false indication of fuel level 
and quantity. 

Another problem that arises in fuel tanks is the 
presence of air bubbles. Aircraft manufacturers have 
run tests that indicate the presence of air bubbles, un- 
der some conditions large in size and quantity, due to 
fuel slosh and vibration under various flight scenar- 
ios. Air bubbles present a fuel/air Interface that can 
reflect ultrasonic energy in the form of false echoes. 
These echoes can also be misinterpreted as false liq- 
uid level readings. 

Accordingly, the objective exists for apparatus 
and methods for discriminating true and false echoes 
in ultrasonic liquid level sensing systems. Such appa- 
ratus and methods should be capable of distinguish- 
ing true echoes from false echoes such as may be 
caused by air bubbles and other false interfaces. 

SUIVII\aARY OF THE INVENTION 

In response to the aforementioned objectives. 



the present Invention contemplates a method for dis- 
criminating true and false echoes in an ultrasonic liq- 
uid gauging system comprising the steps of: 

a. transmitting an ultrasonic pulse toward the liq- 
5 uid surface; 

b. detecting true and false echoes and converting 
the echoes into electrical signals after a predeter- 
mined delay Interval after transmission; and 

c. identifying a true echof rom a false echo based 
10 on energy of the echoes. 

The invention also contemplates apparatus for 
carrying out the described method, which in one em- 
bodiment is an apparatus for discriminating true 
echoesfrom false echoes in an ultrasonicliquid gaug- 

15 Ing system, comprising: means for producing electri- 
cal representations of an echo sequence received af- 
ter an ultrasonic transmission, wherein the echo se- 
quence contains one or more returned echoes that 
may be a true or false echo; and means for determin- 

20 ing returned echo energy, wherein echo energy is a 
fector used to distinguish a true echo from a false 
echo. 

These and other aspects and advantages of the 
present invention will be readily understood and ap- 
25 predated by those skilled in the art from the following 
detailed description of the preferred embodiments 
with the best mode contemplated for practicing the in- 
vention in view of the accompanying drawings. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A-1C are a series of graphs showing in a 
simplified manner transmit/receive ultrasonic 
signals and corresponding echo profiles as typi- 

3S caily occur in fuel level sensing applications: 

Fig. 2 is a detailed functional block diagram of a 
fuel gauging system that embodies the teachings 
of the present Invention; and 
Fig. 3 Is an flow chart for the operational se- 

40 quence and control functions of the fuel gauging 

system shown in Fig. 2 according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

45 With reference to Figs. 1 A-1 C, 1 show in a simpli- 

fied representative manner typical signals that occur 
during ultrasonic liquid level sensing, such as in an 
aircraft fuel tank. Although the invention is described 
herein with respect to an ultrasonic fuel level sensing 

60 system, those skilled in the art will readily appreciate 
that the invention can advantageously be used In 
other ultrasonic echo ranging applications. Further- 
more, while the preferred embodiment of the inven- 
tion is realized in the form of a microprocessor based 

65 control system, the invention can also be implement- 
ed without a microprocessor controller using digital 
signal processing techniques well known to those 
skilled In the art. 
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In Fig. 1A, the ultrasonic acoustic signatures for 
a typical transmit and receive pulse pair are shown. 
The transmit pulse (TR)is assumed to start at time=to 
and may be, for example, a 1 megahertz frequency 
signal produced by a conventional transducer such 
as part no. 2-11178 available from Zevex. The trans- 
mit pulse is directed towards the liquid surface. After 
a delay period td which represents that time required 
for the transmitted ultrasonic pulse to reach the sur- 
face, be reflected back towards the transducer and be 
detected by the transducer, the transducer now 
serves as an ultrasonic receiver and converts the 
echo, EC. into an amplitude variant analog signal that 
corresponds to the strength of the received echo. 

In practice, of course, the received echo has a 
somewhat more complicated profile. This does not 
have an appreciable effect, however, on the useful- 
ness of the present invention. For example, imme- 
diately after the transmit period ends at about time ti, 
a large output signal is produced by the transducer 
(not shown) because of transducer ringing and close- 
in reflections. As is well known, this initial echo-like 
response can be excluded from the valid echo profile 
by including an appropriate blanking time that dis- 
ables the signal processing circuits until after time t^ 
Fig. IB illustrates the transmit and receive signal 
envelopes under conditions in which there Is no de- 
tected bubble or water/fuel interference. The echo en- 
velope EC can be produced simply by demodulating 
the amplitude variant high frequency ultrasonic echo 
EC into a corresponding amplitude variant low fre- 
quency by suitable rectification and filtering of the 
carrier frequency. 

As shown in Fig. 1C, however, the actual, echo 
profile will include spurious noise spikes or false 
echoes, FE. These falsa echoes may be caused by air 
bubbles, for example. If water is at the bottom of a fuel 
tank such that a fuelAwater interface is present be- 
tween the transducer and the surface fuel/air inter- 
face, another false echo will be produced, although 
such an echo will tend to be less random than air bub- 
bles. The fuel/water echoes will not be fixed, how- 
ever, because of accumulation of water in the tank, for 
example. Thus, an actual echo profile for a single 
transmit/receive cycle will include a number of 
echoes, one of which is the true echo from the liquid 
surface and any number of false echoes that may 
have peak amplitudes comparable to the true echo. 

The variable nature of the false echoes due to the 
dynamic conditions of a fuel tank In an aircraft makes 
conventional peak amplitude based discrimination of 
true and false echoes inaccurate and unreliable. Fur- 
thenmore, conventional pulse width measurement 
also is unsuitable because the echo envelope of such 
false echoes is somewhat unpredictable. Time vari- 
able threshold detection techniques suffer from the 
need for repetitive transmissions and also the unpre- 
dictability of the true and false echo envelopes. 



In accordance with an Important aspect of the 
present Invention, true and false echoes in an echo 
profile are discriminated by determining the relative 
or actual energy of the received echo signals. Be- 

5 cause the echo energy detection technique relies pri- 
marily on a determination of the total energy (or sub- 
stantial portion of the total energy) of the received 
echoes, the ability to discriminate true and false 
echoes is less sensitive to the Individual echo envel- 

10 ope characteristics. 

Although echo energy detection can, if desired, 
be used each transmit/receive cyde for locating the 
true echo, I have found that such frequent measure- 
ments are not necessary for all applications. In some 

IS cases, the energy detection technique can be used to 
verify that the first echo received after the blanking 
time (i.e. the second temporal echo received after the 
transmission period ends) is in fact the true echo. 
Thus, a simple amplitude based detectton scheme 

20 can be used each transmit/receive cyde, with the en- 
eigy based verification technique being used ata less 
frequent rate, for example every five transmit/receive 
cydes. 

The echo energy detection concept of the present 
25 invention is particularly well suited to discriminating 
false bubble and water/fuel echoes because the 
amount of energy reflected by the air/fuel interface at 
the liquid surface is significantly greater than the en- 
ergy reflected by air bubbles and a water/fuel inter- 
30 face. 

With reference next to Fig. 2, a functional block 
diagram is provided of a suitable fuel gauging system 
that embodies the teachings of the present Invention. 
Those skilled in the art will readily appreciate that the 

35 invention can be practiced with many different circuit 
configurations, and that in particular the drcuitry that 
embodies the basic functions of the invention can be 
added to conventional fuel gauging systems and con- 
trd circuits used with such systems. Examples given 

40 herein of types of circuits that can conveniently be 
used to realize the functional blocks are intended to 
be illustrative and should not be construed in a limit- 
ing sense. The functional blocks can be realized in 
many different ways in both analog and digital for- 

45 mats. 

In the ultrasonic fuel gauging system (UFGS) of 
Fig. 2, the UFGS 10 indudes several main functional 
sections. These indude a controller section 12, a sig- 
nal conditioning sectton 14 and a multiplexing section 

60 1 6. This description of the circuit as having three main 
functional sections has no particular significance, but 
rather is simply used for ease of explanation and clar- 
ity. Those skilled in the art will readily appreciate that 
the main circuit sections are interconnected and that, 

55 in many cases, components associated with a partic- 
ular section in this description could Just as easily be 
associated or described with reference to a different 
section. The sectional approach is used herein be- 
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cause the present Invention can generally be viewed 
as embodied In circuitry associated with the signal 
conditioning circuit in terms of modifications that are 
suitable, for example, with conventional UFGS sys- 
tems, along with appropriate software changes to im- 
plement the described functions. However, the enrv 
bodiment of the invention illustrated in Fig. 2 should 
not be construed in a limiting sense because the inrv- 
plenrantation of an echo envelope energy detection 
process can be realized in varied ways. 

The controller section 12 includes a main CPU or 
microprocessor 20. Conventional devices such as 
80C31BH available from Intel Corp. can be used. The 
speed and control power needed from the CPU 20 will 
be determined in part, of course, by how many sen- 
sors are to be interrogated and how frequently data 
will be collected. These requirements will vary with 
each application, but in most cases the basic device 
Identified herein will be suitable. The contrdier 20 
can be programmed In a conventional manner as de- 
scribed in the manufacturer's specification, as is well 
known to those sidiled in the art The functions carried 
out by the software in order to realize the present in- 
vention are included in the functional flow chart in Fig. 
3 which will be described later herein. 

The contrdier 20 operates from a main clocic pro- 
vided from a crystal oscillator 22, in combination with 
an operating program stored in a non-volatile pro- 
gram memory 24. The crystal oscillator 22 also pro- 
vides a dock input to echo counters 26 through an en- 
able logic gate 28. The oscillator 22 also provides a 
clock input to a frequency divide and select circuit 30. 
The frequency divide and select drcuit 30 fundions 
in a conventional manner to divide down the oscillator 
frequency to a frequency for operation of the ultra- 
sonic transducers. For example, the transducers may 
operate at a frequency of 1 megahertz. A burst length 
control signal (BURST) 32 (for convenience, signals 
and signal lines are treated herein as one in the same- 
-no separate reference numeral is used in the draw- 
ings to distinguish a signal from the conductor that 
carries that signal) from the microprocessor 20 can be 
used to adjust the transmit frequency based on such 
factors as temperature of the liquid and anticipated 
target range. For example, a longer transmit burst Is 
typically used for farther target ranges (high liquid lev- 
els) while shorter bursts are typically used for shallow 
targets. The burst length control signal from the mi- 
croprocessor 20 can thus be used to dynamically 
change the burst duration for each transducer. 

It should be noted at this time that the embodi- 
ment illustrated in Fig. 2 shows only one ultrasonic 
sensor. It is very common, however, to use a large 
number of sensors, particularly in cases where the 
fluid container has an irregular configuration or when 
high accuracy is required, for example. The system of 
Fig. 2, of course, is designed to accommodate a large 
number of sensors, such as. for example, by time mul- 



tiplexing. Thus, it is useful in most cases to provide 
the controller 20 with the capability to adjust the burst 
duration (and frequency) depending on which trans- 
ducer is being activated during a particular cyde. 

5 At the beginning of each transmit cycle, the mi- 

croprocessor sends a transmit (XMIT) signal 34 that 
serves as a trigger signal to a blanking circuit 36, a 
variable pulse generator circuit 38, and a counter 
latch 40. The blanking circuit 36 produces an inhibit 

10 signal that disables operatk>n of an echo amplifier 42 
for a period of time following the transmit burst. This 
operation prevents the amplifier from saturating due 
to ultrasonic energy received during transducer ring- 
ing and backscatter. The amount of time delay will be 

15 determined by the burst length. Thus, the blanking cir- 
cuit 36 receives an input control signal 44 from the 
data select circuit 30, which control signal sets the 
blanking time duration. The blanking circuit 36 can be 
conveniently realized, for example, in the fomn of a 

20 one-shot having a controllable variable pulse width. 

The XMIT signal also triggers the variable burst 
circuit 38. This drcuit can also conveniently be real- 
ized in the form of a variable pulse width one-shot. 
The circuit 38 effedively enables a gate 46 that pass- 

25 es the high frequency burst signal from the frequency 
divide circuit 30 through to a filter/amplifier circuit 48 
for a period of time determined by the duration of the 
signal from the variable burst circuit 38. 

The XMIT signal 34 also triggers the counter latch 

30 40. In this case, the counter latch is conveniently re- 
alized In the form of an R-S flip flop that is set by the 
XMIT pulse and reset by a signal generated by the 
first return echo after blanking. The latch 40 output Is 
used as an enable signal for the oscillator dock 22 

3S pulses to the counters 26. Thus, the counters are en- 
abled at the beginning of the XMIT pulse (i.e. the be- 
ginning of a transmit/receive cyde) and count the 
time delay until receipt of the first echo following the 
blanking time. The microprocessor reads the counter 

40 26 data 50 and clears the counters after each cycle 
via a dear signal 52 (those skilled in the art will ap- 
preciate that the counters can in fact be a single coun- 
ter or several counters chained together.) 

The high frequency burst signal is filtered and 

45 amplified as appropriate by the filter circuit 48 and 
then connected to the transducer T or transducers for 
the current transmit cycle via a demultiplexer (DMUX) 
circuit 54. The DMUX drcuit is basically an address- 
able switching circuit that conneds the drive signal to 

50 the seleded transducer T. The demultiplexer circuit 
receives address commands from the microproces- 
sor in a conventional manner and decodes the ad- 
dresses so that the drive signal is input to the correct 
transducer for the current transmit/receive cyde. A 

55 transmityrecelve switch 56 under control of the micro- 
processor may be provided between the transducer 
and the demultiplexer to isolate inadive transducere 
from noise during each transmit/receive cyde. 
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When echoes are received at the transducer T, 
the transducer converts the acoustic energy into cor- 
responding electrical signals and sends the echo sig- 
nals to the echo amplifier 42 via a multiplexing circuit 
58. The multiplexing circuit 58 operates similarly to 
the DMUX circuit 54 in that it is an addressable switch- 
ing device that connects a selected transducer(s) out- 
put to the echo amplifier. (Note that In Fig. 2 the ad- 
dress control lines fiom the microprocessor to the 
MUX and DMUX circuits are not shown for clarity and 
convenience.) 

The amplified echo output from the amplifier 42 
Is then rectified by a rectifier circuit 60. In operation, 
the amplifier 42 and rectifier 60 together convert the 
high frequency acoustic echo signals, such as signal 
EC in Fig. 1 A, into a dc variable echo envelope, such 
as the signal EC in Fig. 1B, in effect demodulating 
the amplitude modulated high frequency echo signal. 
As previously stated, during each transmit/receive cy- 
cle the echo profile typically will contain a number of 
echoes, one of which Is the true echo and false 
echoes. All of the echoes in an echo profile of a trans- 
mit/receive cyde are demodulated by the amplifier 42 
and rectifier 60. 

The analog echo envelope profile is input to a 
flash analog-to-digital converter (A/D) 62 that digitiz- 
es the echo profile at a preferably high sampling rate, 
for example, twice the burst frequency of the ultra- 
sonic pulses. The rising edge of the first echo envel- 
ope is also used to trigger a level detector 64 which 
produces a trigger output that resets the echo latch 
40 thereby disabling the counters 26. The counters 26 
thus count the elapsed time between start of the 
transmit pulse and detection of the first echo that ex- 
ceeds the threshold of the detector 64. 

Thadlgitized echo prof ilefor the transmit/receive 
cyde is then stored in a temporal manner in a memory 
device 66 which may conveniently be realized in the 
form of a dual port RAM controlled by the micropro- 
cessor 20. Thus the data position in the memory 66 
corresponds to the time of detection of the echo. Data 
can be written through one port of the memory on 
data lines 68. and read out by the microprocessor 20 
on data lines 70. This configuration permits very fast 
access to the echo profile by the microprocessor. Un- 
der instruction of the main program in memory 24. the 
microprocessor then determines the true echo and 
the round trip time to receipt of that echo as an Indi- 
cation of fiuld level above the transducer that pro- 
duced the particular echo profile analyzed. This data 
can then be stored by the microprocessor In a data 
memory device 72, which may indude a video mertv 
ory for visual display of the data. The microprocessor 
may also send the data to a peripheral device or other 
controller via a serial port 74. The microprocessor 20 
can also be programmed In a conventional manner to 
adjust the gain of the amplifier 42 as a function of the 
expected range of the true target, since echo strength 



decays as the target distance Increases. Gain adjust- 
ment can be controlled, for example, by a standard 
automatic gain control circuit (AGC) 76. 

in the specific embodiment of Fig. 2, the firet 
5 echo received back after the bianldng period is initial- 
ly assumed to be the true echo. This Is typically the 
case, for example. In fuel level sensing systems. 
Thus, the counters 26 are triggered in response to the 
first echo. However, as explained hereinbefore, false 
10 echoes can be received such as due to air bubbles or 
f uelAvater interfaces. In such circumstances, the first 
echo back after blanlting may not be the true echo. In 
accordance with the invention, the microprocessor is 
configured to determine the echo energy for echo en- 
15 velopes that exhibit maximum peak amplitudes dur- 
ing a transmit/receive cyde. The microprocessor fur- 
ther determines which echo has the maximum ener- 
gy. When the maximum energy echo has been iden- 
tified. Its temporal location can be deteimlned. If the 
20 maximum energy echo occurred at the same time as 
the firet echo that disabled the echo counters 26, then 
the first echo is confirmed as the true echo. If the 
maxinmjm echo energy occurred at a different time 
than the f irat echo, then the maximum energy echo is 
25 considered to be the true echo. The false echo reso- 
lution of the first echo can also be confirmed by de- 
termining the energy content of the first echo and ver- 
ifying that the energy level is too low for a true echo 
from the fluid surface. Further verification can be ac- 
30 complished by using a time domain window after a 
true echo position has been determined. In other 
words, once a true echo Is identified, subsequent 
true echoes can be expected to occur within a spe- 
cific time window around the previous echo. 
35 in cases where the first echo is typically the true 

echo, the verif teation process can be perfonmed at a 
slower rate that every transmit/receive cyde. For ex- 
ample, the echo energy determination can be per- 
formed every five transmit/receive cydes, or at some 
40 other suitable interval. 

With reference to Fig. 3, a suitable control se- 
quence for the microprocessor 20 is shown in a flow 
diagram, in this case, the echo energy detenminatlon 
is made every five transmlt/receWe cydes. 
45 At step 100 a transmit/receive cycle Is Initiated 

and one or more transducere are selected through the 
multiplexer switch (102). In the example of Fig. 3, 
transducer #1 is selected for the described cyde. if 
the cunrent cyde is the firat cyde, then at 104 the 
60 transmit burst length and echo amplifier gain are set 
at default values detennlned by expected echo char- 
acteristics. 

At step 106 the echo counters 26 are cleared or 
reset and at step 108 the transmit pulse is sent and 
55 the counters are enabled and the blanking pulse is 
generated. A maximum range clock is used to deter- 
mine at step 110 whether a maximum time period has 
elapsed after which no valid echo could be received. 
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After the maximum echo range period expires, for ex- 
ample 2 milliseconds, the counters 26 are read at step 
112. If the counters read less than 2 milliseconds then 
the controller 20 knows that an echo was detected. If 
no echo was detected the controller branches at 115 
to steps 114, 116 and 118 and then back to step 106 
for a new transmit pulse. Steps 114. 116 and 118 are 
used to Incrementally Increase the transmit burst 
length and/or gain of the echo amplifier 42 until an 
echo is detected as Indicated by the state of the coun- 
ters 26. 

After an echo is detected, the controller stores 
the echo count In memory at step 1 20. Note that step 
120 Is also reached If no echo is received after max- 
imum gain and burst length have been attempted. 

At step 122 the controller determines If, in this 
case, fwe transmit/receive cycles have been com- 
pleted, either with five echoes detected or some num- 
ber of echoes less than five detected and the balance 
including the counter value for max burst and gain at- 
tempts. After five samples have been stored In menrt- 
ory, at step 124 the controller calculates the average 
range for the five detected echoes (range being a 
function of the counter time measurements.) Keep In 
mind that at this point the five samples are for the first 
detected echo after the blanking period. These first 
five echoes are not necessarily known or verified to 
be true echoes yet. At step 126 the controller 20 
stores the average range In a memory location. 

In addition to performing the averaging function 
after five samples are received, the microprocessor 
20 at step 128 commands another transmit burst at 
the last burst length and gain value known to have 
produced an echo detection. The entire echo profile 
received over this verification transmit/receive cyde 
period is stored in the dual port memory 66 at step 
130. At step 132 the microprocessor 20 scans the 
stored echo profile and locates the echo peaks 
among the various echo envelopes. After determining 
the higher peak echoes, the system calculates the en- 
ergy of each of the high peak echoes. In this case, 
echo energy Is calculated by adding the echo ampli- 
tude values for a plurality of time Intervals around the 
time that the echo peak occurred. This process is fa- 
cilitated In the described embodiment because the 
digitized data directly corresponds echo amplitudes 
with discrete time intervals in the echo envelope. For 
example, if an echo peak Is detected at 200 microsec- 
onds, echo amplitude values at one microsecond In- 
tervals, for example, on either side of the 200 micro- 
second peak are added together. The samples are 
added until the echo amplitudes fall below a selected 
threshold level. This total then corresponds to the to- 
tal energy of the echo. This process Is repeated for 
each echo envelope that exhibits a peak amplitude 
above a selectable threshold. 

The echo exhibiting the maximum energy or area 
under the envelope curve (see Fig. IB, for example) 



Is Identified as a true echo, and at step 134 the mi- 
croprocessor determines the time at which the true 
echo was received. At step 136 the time occurrence 
of the maximum energy echo Is compared with the 

5 ti me occurrence of the average first echo that was de- 
tected at step 126. If the two time events correspond, 
then the microprocessor accepts the first echo as a 
true echo (step 138.) If the two time events do not 
correlate, then the microprocessor accepts the max- 

10 imum energy echo as the true echo(step 140.) The 
system then returns to the start of the process and in- 
terrogates the next transducer sensor(s) in the sys- 
tem array. 

The invention thus provides an ultrasonic liquid 
15 level sensing system that uses an Improved echo dis- 
crimination technique to separate true echoes from 
the liqukl surface from false echoes such as are pro- 
duced by air bubbles and non-surface interfaces, 
such as a water/fuel Interface in a fuel tank. The echo 
20 discrimination technique Is based on determination of 
echo energy, which produces a more reliable and ac- 
curate discrimination than amplitude based or pulse 
width based techniques that rely on time variable 
thresholds. 

25 Although the described embodiment of the inven- 

tion Includes a blanking period to force the system to 
ignore the transducer ringing and backscatter after 
transmit, the system could be operated to receive the 
entire post-transmit echo profile (other useful infor- 

30 mation can In some cases be extracted from the initial 
echo.) In such a case, the system would Ignore the ini- 
tial echo data In searching for the maximum energy 
echo and would trigger the counters 26 as a function 
of the second received echo. Also, while the descri- 

35 bed embodiment uses digital conversion and storage 
of the echo profiles to facilitate echo energy determi- 
nation, echo energy could also be determined in an 
analog fashion, such as, for example, with the use of 
CCD arrays that can store analog signals. 

40 While the invention has been shown and descri- 

bed with respect to specific embodiments thereof, 
this is for the purpose of illustration rather than limit- 
atton, and other variations and modifications of the 
specific embodiments herein shown and described 

45 will be apparent to those skilled In the art within the 
Intended spirit and scope of the invention as set forth 
in the appended claims. 



50 Claims 

1. A method for discriminating true and false 
echoes in an acoustic liquid gauging system 
which method includes: 
55 transmitting an acoustic pulse toward the 

liquid surtace; and 

detecting true and talse echoes after an 
acoustic transmisston; the method being charac- 
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terlzad by the step of 

Identifying a true echo from a false echo 
based on energy of the echoes. 

2. The method according to daim 1 wherein said 5 
step of Identifying a true from a false echo com- 
prises the steps of detecting peak amplitudes of 

the echoes, identifying echoes having higher 
peak amplitudes, and calculating the energy In 
said peak amplitude echoes. io 

3. The method according to daim 2 wherein the step 
of calculating the energy in the peak amplitude 
echoes comprises the step of summing a series 

of amplitude values of each echo envelope for is 
discrete time intervals around the amplitude 
peak time. 

4. The method according to daim 3 further compris- 
ing the step of using a counter to determine when 20 
the second echo after transmission is recehred. 

5. The method according to daim 4 wherein said en- 
ergy detection is used as a verification that the 
second echo received is a true echo. 25 

6. The method according to claim 5 wherein said 
counter timing is performed for the second re- 
ceived echo each transmission cycle, and said 
energy detection is performed periodically at a 30 
rate slower than every transmission cyde. 

7. The method according to daim 6 further compris- 
ing the step of storing the electrical echo signals 

In a memory device and includes the step of digi- 3S 
tizing the entire echo profile for selected trans- 
mit/receive cycles. 

8. Apparatus for discriminating true echoes from 
false echoes in an acoustic liquid gauging sys- 40 
tem, the system being of the type having means 

for producing representations of an echo se- 
quence received after an acoustic transmission, 
wherein the echo sequence contains one or more 
echoes that may be a true or false echo; charao- 4S 
terlzed by: means for detennining echo energy, 
wherein echo energy is a factor used to discrim- 
inate a true echo from a false echo. 

9. The apparatus of daim 8 wherein said energy de- so 
termlning means comprises control means that 
calculates energy of returned echoes that are 
possible true echoes based on peak amplitude 
determinations of the returned echoes. 

65 

10. The apparatus of claim 9 wherein said control 
means comprises a counter that determines the 
elapsed time from transmission to detection of 



the second returned echo. 

11. The apparatus of claim 10 wherein said control 
means averages the elapsed time measure- 
ments of detecting the second returned echo for 
a plurality of transmission cydes. 

12. The apparatus of daim 11 wherein said control 
means determines the returned echo that is a 
possible true echo and has the highest returned 
energy, and determines the elapsed time to de- 
tection of said echo; said energy determination of 
a true echo being used by said control means to 
verify that the second returned echo is a true 
echo. 

13. The apparatus of claim 12 wherein said control 
means selects the true echo based on said ener- 
gy determination over the second returned echo 
if the energy determinatton fails to verify that the 
second return echo is not a true echo. 

14. The apparatus of daim 13 wherein said means 
for producing electrical representations compris- 
es memory means for storing electrical signals 
that correspond in time and amplitude to echo 
pulses in an echo sequence. 

15. The apparatus of daim 14 wherein said memory 
means stores echo sequences in a temporal 
manner such that said control means can deter- 
mine elapsed time between a transmission event 
and detection of the returned echoes. 

16. The apparatus of claim 15 wherein said control 
means determines echo energy by adding ampli- 
tude values at discrete time intervals around the 
time occurrence of an echo peak amplitude. 

17. The apparatus of daim 16 wherein said memory 
means comprises a flash A/D converter that re- 
ceives analog returned echo amplitude signals, 
and an electronic memory device that sequential- 
ly stores digitized values of returned echo ampli- 
tudes produced by said A/D converter. 

18. The apparatus of daim 17 comprising a plurality 
of ultrasonic transmission devices, said control 
means Interrogating each sensor In a time multi- 
plexed manner. 

19. The apparatus of claim 18 in combination with a 
liquid gauging system comprising a plurality of ul- 
trasonic transducers used to emit ultrasonic puls- 
es towards the surface of a liquid held in a con- 
tainer. 

20. The combination of daim 19 wherein said liquid 
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gauging system is an ultrasonic fuel gauging sys- 
tem for aircraft fuel tanks. 
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